A FRAMEWORK FOR THE EVALUATION OF HOSPITAL INFECTION CONTROL TECHNIQUES by Jarke, Matthias
A FRAMEWORK FOR THE EVALUATION O F  
H O S P I T A L  I N F E C T I O N  CONTROL TECHNIQUES 
M a t t h i a s  Jarke 
August 1982 
Center for Research on Information Systems 
Computer Applications and Information Systems Area 
Graduate School of Business Administration 
New York University 
Working Paper Series 
CRIS #40 
GBA #82-53 ( CR ) 
This paper was first presented at the European Conference on Operational 
Research in Health Services, Patras, Greece, July 19-23, 1982. 
Center for Digital Economy Research 
Stem School of Business 
IVorking Paper IS-82-53 
Page 2 
A b s t r a c t  
---- 
A c o s t - e f f e c t i v e n e s s  method f o r  e v a l u a t i n g  measures a g a i n s t  
hosp i t a l - aqukred  i n f e c t i o n s  i s  based on a network k n t e r d i c t k o n  
model. Algori thms f o r  op t imal  i n t e r d i c t k o n  of  t h e  infec t i !on  
network are p re sen ted  and t h e k r  a p p l i c a b i l i t y  &s d i scussed .  
Implicat j?ons of t h e  approach f o r  c l a s s i f y k n g  measures,  
a l l o c a t i n g  costs and bene fk t s ,  and analyzkng t h e  c o s t s  o f  
i n f e c t i o n s  a r e  descrhbed. The method i s  be ing  a p p l i e d  kn an  
h n t e r d k s c i p l i n a r y  s t u d y  conducted kn s e v e r a l  West Geman 
h o s p i t a l s .  
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1.0 INTRODUCTION 
I n  many i l l - s t r u c t u r e d  d e c i s i o n  s i t u a t i o n s  wi th  l i t t l e  d a t a  
a v a k l a b k l i t y ,  o p e r a t i o n a l  r e s e a r c h  models can  st&ll s e r v e  a 
u s e f u l  purpose  i n  s t r u c t u r i n g  th inkkng about  t h e  problem, 
i d e n t L f y i n g  bo t t l enecks ,  and d e r i v i n g  s u k t a b l e  e v a l u a t i o n  
c r i te r ia  f o r  a c t i o n s .  Thks paper  d e a l s  wi th  t h e  a p p l i c a t l o n  o f  
a n  OR model kn a cos t - e f f ec tkveness  s tudy  of  measures a g a i n s t  
h o s p i t a l - a q u i r e d  or nosocom%al i n f e c t i o n s  ! N I )  conducted i n  
s e v e r a l  West Geman h o s p i t a l s  f9j . 
More than  5% of a l l  h o s p i t a l i z e d  p a t i e n t s  a q u i r e  i n f e c t i o n s  
d u r i n g  the& s t a y  [7,13,141. While some o f  t h e s e  i n f e c t k o n s  are 
a n  knescapable  consequence of p r o g r e s s  i n  med&c2ne, hyg ien ic  
p rocedures  have been kntroduced t o  reduce t h e  number of 
avokdable i n f e c t k o n s  t h a t  occur .  Gu ide l ines  f o r  t h e  d e t e c t i o n  
and p r e v e n t i o n  o f  N I  have been developed by s e v e r a l  n a t i o n a l  and 
i n t e r n a t i o n a l  k n s t i t u t h o n s  [1,15,161. 
Measures a g a i n s t  N I  a r e  o f t e n  a s s o c i a t e d  w i t h  h igh  
f i n a n c i a l  c o s t s  f e. g* , f o r  s p e c i a l  a k r  condit-konhng 1181 f . I n  
addi t&on,  a large number o f  r u l e s  to b e  fo l lowed ! e. g., i n  
c l e a n i n g  and d k s i n f e c t i o n  [ lo! )  causes  work and c o g n i t i v e  
over load  of personnel  and t h u s  less than  opt imal  performance. 
Therefore ,  k t  seems u s e f u l  t o  set p r i o r k t i e s  and t.o s t r e s s  t h e  
most e f f e c t i v e  and c o s t - e f f i c P e n t  technkiiques. I t  i s ,  however, 
d i f f i c u l t  t o  e s t a b l k s h  t h e  e x a c t  c o s t s  and b e n e f i t s  i n  gene ra l .  
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F i r s t ,  t h e  c o s t s  of  a  measure, e s p e c i a l l y  pe r sonne l  and 
inves tmen t  c o s t s ,  depend l a r g e l y  on  t h e  specAf%c sktuatkon.  
Second, t h e  c o s t s  of  N I  (= t h e  fknanc ia l  b e n e f i t  o f  
avokdkng them) have s o  f a r  been l a r g e l y  co~nputed s o l e l y  from t h e  
change i n  t h e  l e n g t h  of  s t a y  resu l tAng from NL. For ou r  
pu rposes ,  r e a l L s t i c  e s t i m a t e s  a r e  r e q u i r e d  of how c o s t s  change 
when a c e r t a i n  number of N I  are prevented .  
T h i r d ,  a d i r e c t  e f f e c t  o f  s i n g l e  measures on i n f e c t i o n  
rates canno t  o f t e n  b e  observed.  Because of v a s t  d k f f e r e n c e s  
among p a t i e n t s  and s h t u a t l o n s  ve ry  l a r g e  sample s i z e s  a r e  
r e q u i r e d  t o  s t a t i s t i c a l l y  p rove  even major changes Ln i n f e c t i o n  
rates t6,81 . 
In  ou r  approach, a n  o p e r a t i o n a l  r e s e a r c h  model i s  used t o  
k d e n t i f y  c l a s s e s  of  measures and t o  ass ign  p r a c t i c a l  
e f f e c t i v e n e s s  c r k t e r k a  t o  them. I n  t h k s  way, t h e  l a c k  i n  sample 
s z z e  d k c t a t e d  by t i m e  and financial c o n s t r a k n t s  can be  overcome 
t o  some e x t e n t  by a  b e t t e r  problem s t r u c t u r e .  
The paper  i s  organkzed as fo l lows .  In  s e c t i o n  2,  t h e  
gene ra l  methotl of cost-efEectBveness  a n a l y s i s  i s  specFalkzed to 
t h e  problem of N I  c o n t r o l .  I n  s e c t i o n  3 ,  w e  p r e s e n t  a network 
i n t e r d i c t i o n  model of measures a g a i n s t  N I  and ana lyze  t h e  
a p p l k c a b i l i t y  of  some a1 yorithms. S e c t i o n  4 d e s c r i b e s  t h e  
p r a c t i c a l  i m p l i c a t i o n s  o f  t h e  a o d e l  f o r  c lassLfykng measures,  
a l l o c a t i n g  c o s t s  and bene fk t s ,  and comput.ing the c o s t s  of  N I .  
The paper  ends wi th  a summary and c o n c l u s ~ o n s .  
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2.0 COST-EFFECTIVENESS ANALYSIS OF HOSPITAL INFECTIONS 
Simf lar t o  cos t -benefk t  ana lyshs ,  cos t - e f f ec tkveness  
a n a l y s k s  is a t o o l  f o r  eva lua tkng  so lu tkons  t o  complex mul t2p le  
o b j e c t i v e  dec2s ion  problems. However, cos t - e f f ec tPveness  
a n a l y s k s  d k f f e r s  from cos t -benefk t  ana lysks  kn t h a t  t h e  r e s u l t  
i s  expres sed  a s  a v e c t o r  of  f i nancha l  and non-fknancial e f f e c t s  
r a t h e r  t han  a s  a s i n g l e  monetary va lue .  The f h n a l  t r ade -o f f  
between e f f i c % e n t  s o l u t i o n s  ks l e f t  t o  t h e  deckskon-making body. 
Thus, t h e  r o l e  o f  c o s t - e f f e c t i v e n e s s  ana lysks  a s  a decks ion  
s u p p o r t  t o o l ,  n o t  a deckskon-making knstrument,  k s  s t r e s s e d .  
The approach a l s o  reduces  t h e  problem of e x p l k c 2 t l y  determkning 
t h e  r e l a t i v e  weiights of  h a r d l y  comparable criteria !e.g., t h e  
monetary va lue  o f  human l i f e ) .  
Figure f gWes  t h e  f lowcha r t  of a t y p h c a l  
c o s t - e f f e c t i v e n e s s  s tudy .  It can be seen  t h a t  t h e  f e a s i b i l k t y  
of measures depends on s a t k s f y i n g  both t h e  mknimal requkretnents 
f o r  each eva lua tkon  c r k t e r % o n  and t h e  e x t e r n a l  c o n s t r a k n t s  g2ven 
kn a s p e e k f i c  c l i n i c a l  s2 tua tkon .  Therefore ,  t h e  s a m e  measure 
can  be  judged d k f f e r e n t l y  i n  d i f f e r e n t  s e t t k n g s .  Consequent ly,  
g e n e r a l l y  applkcable  recornmendat.kons w i l l  u s u a l l y  eL the r  be  
negatkve ! the  mkn2mal requ%rements of  some c r i t e r i o n  are n o t  
s a t i s f i e d )  o r  d e a l  w i th  r e l a t i v e l y  i s o l a t e d  subsystems --- ( e . g . ,  
c a t h e t e r i z a t % o n  technPques) .  For  o t h e r  measures, a t  m o s t  
"what.. .kf "-type r e s u l t s  can  be expected.  
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A s  mentioned above, t h e  p re fe rence  s t r u c t u r e  o f  t h e  
decasion-makers i s  determined only  wi th in  groups of  comparable 
c r i t e r i a  kn o r d e r  t o  reduce  t h e  s h e  of  t h e  r e s u l t  v e c t o r  whi le  
keepkng e a c h  element  o f  k t  meankngful. For  o u r  purposes,  t h r e e  
c r i t e r i o n  groups a r e  consjidered: medical-hygken2c e f f  kcacy; 
f i n a n c k a l  c o s t s  o r  savkngs; and e f f e c t  on  t h e  work2ng 
envkronment (ergonomkcal e f f e c t h v e n e s s ) .  Fkgure 2 relates t h e s e  
c r i t e r i o n  groups t o  some h n d i c a t o r s  t h a t  can  b e  used t o  
-- 
d e t e r m 2 n e t h e  s h e  of  t h e  e f f e c t s .  Next, w e  dkscuss  some 
problems a s socha ted  wkth t h f s  relationship. 
Our f b s t  observatkon i s  t h a t  t h e  r e l a tkonshkp  between 
r n d h c a t o r s  and c r i t e r i a  h s  n o t  func thona l ,  t h a t  i s ,  t h e  
c rh te r j ion  h fe ra rchy  Es n o t  a t r e e  o r  f o r e s t .  For  example, i f  a 
measure r e q u i r e s  some personnel  tfme, t h k s  may r e s u l t  i n  changes 
i n  ergonomkcal e f f e c t i v e n e s s  !more s t r e s s ) ,  changes kn costs 
( o v e r t a e ,  h i r k n g  new p e r s o n n e l ) ,  o r  b o t h  dependkng on t h e  s i z e  
of t h e  change. Our conclusi!on ks  t o  e v a l u a t e  o n l y  s u f f i c i e n t l y  
l a r g e  combknat2ons of  measures t o  determkne t h e  r e a l  e f f e c t .  
whhch i n d k a t o r s  a r e  most impor tan t  f o r  t h e  e v a l u a t i o n  a l s o  
depends on t h e  class of t h e  measure !see s e c t i o n  4 ,  below) .  
Another problem is concerned wi th  t h e  measurement o f  t h e  
Bndica tors  themselves.  F tgu re  3 ,  a s imple  model of  measure 
inplementatkon, r e v e a l s  a d u a l i t y  between t h e  s t a t e s  and  t h e  
recommended !or  2mplemented) measures i n  t h e  s e n s e  t h a t  i n  
p r i n c i p l e  it should be  s u f f h c i e n t  t o  ana lyze  any of t h e  t w o  t o  
determine t h e  c o s t - e f f e c t l v e n e s s .  
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However, a look a t  t h e  XndScators makes  c l e a r  t h a t  
p r a c t i c a l  cons idera t&ons  r e q u i r e  exploft.kng both  s t a t e  and 
t r a n s k t k o n  (measurei knformat.kon. Er gonomitcal and f r n a n c i a l  
h n d i c a t o r s  are mote r e l a t e d  t o  t h e  measure k t s e l f  wh2le t h e  
medkcal-hygienfc kndaca tors  r e q u i r e  a comparison o f  two s t a t e s  
o f  t h e  system. The l a t t e r  is u s u a l l y  more c o s t l y  and 
time-consumfng and should be skmpl2fied as f a r  a s  p o s s i b l e .  
The dk f fe rence  between t h e  o l d  and t h e  planned s t a t e  gFves 
t h e  t h e o r e t f c a l  e f f ec tkveness  o f  a measure and u s u a l l y  can  be 
determkned m o r e  e a s 2 l y  and more p r e c 2 s e l y  than  t h e  observed 
d i f f e r e n c e  between o l d  and new s t a t e .  
In  o r d e r  t o  keep t h e  a n a l y s i s  s imp le  and s t 2 1 1  r e a l i s t i c ,  
t h e  concept  o f  hyg2enLc management k s  kntroduced to explaLn t h e  
d i f f e r e n c e  between planned and a c t u a l  performance of a measawe. 
The observed e f f e c t  i s  conskdered an  o v e r l a y  o f  t h e  t h e o r e t 2 c a l  
e f f ec tkveness  o f  t h e  recommended measure and t h e  e f f e c t k v e n e s s  
of  t h e  r e l a t e d  management procedures .  To avo2d an  
unrealistically pos2 t fve  eva lua tkon  o f  2mprac t i ca l  measures,  a n  
addkt.hona1 group o f  m d d c a t o r s  r e l a t e d  t o  i s s u e s  l i k e  
l e a r n a b l i t y ,  s implhckty,  etc. is 2ncluded jln t h e  eva lua thon  
scheme. 
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3.0 NETIJORK INTERDICTION APPROACH TO HOSPITAL INFECTION CONTROL 
In  o r d e r  t o  be a b l e  t o  compare measures t n  a common 
framework, t W s  sectkon h t r o d u c e s  a general  network model of  
hospk ta l  infec tkons .  D i f f e r e n t  refknements of t h e  model l e a d  t o  
s e v e r a l  opt tmizat ion  procedures wkth c o s t  mi!n&n2zatton o r  
e f fec t%veness  maxkmizatfon o b j e c t i v e s .  
3.1 Network Flodel Of Hospktal Infec t2ons  
The knformal i d e a  of  knfectkng organksms ( a l s o  r e f e r r e d  to  
as germs o r  bacter2a)  movhng from r e s e r v o i r s  o r  sources  through 
a network of c a r r i e r s  t o  e n t r y  p o i n t s  i n t o  t h e  hospkta l ized  
pa tken t s  2s  well-known i n  med%cine 1121. Typical  sources  
i n c l u d e  knfected p a t i e n t s ,  personnel ,  and w e t  a r e a s  i n  t-he 
enviranment ( "water bugs" ) . Car rge r -  can b e  personnel ,  
p a t i e n t s ,  t e c h n i c a l  devhces, and s u r f a c e s  o f  f l o o r s ,  w a l l s ,  and 
f u r n i t u r e .  The c a r r i e r s  aqukre and t r a n s f e r  germs mostly v i a  
~ h y s i c a l  con tac t ,  sometimes through t h e  air. 
The e n t r y  pohnts are r e l a t e d  t o  t h e  s k t e s  of a posskble  
t n f e c t i o n ;  t h e  most f r equen t  are urknary t r a c t  knf ec tkons ,  
knf ect2ons of surgkcal  and su r f  ace  wounds, r e spEra to ry  t r a c t  
i n f e c t i o n s ,  and blood hnfec t ions  Ibacteremka) f 7 1 .  It should be 
noted, however, t h a t  t h e  presence of b a c t e r i a  a t  an e n t r y  poknt  
does not n e c e s s a r i l y  r e s u l t  kn symptomatic knfecthon; o t h e r  
f a c t o r s  leke  age,  sex,  type  of s e r v i c e ,  underfy2ng i l l n e s s e s  and 
opera t ions  play an  hmportant r o l e ,  t o o  171. 
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The knformal notkon desc r ibed  above can  be  mapped i n t o  a 
net.dork f low model of o p e r a t i o n a l  r e s e a r c h  by d e f i n h g  
* r e s e r v o k r s  and sou rces  a s  sou rce  nodes, 
* c a r r P e r s  as transshjipment nodes, 
* e n t r y  poknts  as sknk nodes, and 
* c o n t a c t s  as arcs o f  t h e  network. 
Figure it g ives  t h e  s t r u c t u r e  o f  such  a network. Arcs 
between c a r r k e r s  have been omztted f o r  s i m p l i c t 2 t y .  The a r c s  
can  b e  l a b e l l e d  by t h e  type  of  c o n t a c t ;  s e v e r a l  c o n t a c t s  
beedeen two nodes can  e x h s t  s imul taneous ly .  Thus, t h e  network 
k s  a g e n e r a l  graph w%th mul t2ple  a r c s  connectkng p a 2 r s  o f  nodes. 
The a c t u a l  defrnktAon o f  a r c  capackthes  f o r  a f a L t h f u l  
mapping of r e a l % t y  can  b e  q u i t e  d i f f i c u l t  and i s  beyond t h e  
scope o f  t h k s  ,paper. For  example, t h e  p o t e n t i a l  f low o f  
i n f e c t i n g  organ2sms through an a r c  is  knf luenced  by t h e  
frequency and d u r a t i o n  as w e l l  as by t h e  kn tensh ty  o f  c o n t a c t s  
and by t h e  pzed2spos%tkon of  t h e  destknathon.  F u r t h e r ,  t h e  
network changes s i g n k f k c a n t l y  wi th  t ime,  e.g., by growth of 
bac terPa  o r  by t h e  development of  knfectkons kn p a t k e n t s  turnCng 
them from s h k s  2nto  sources .  
Fo r tuna te ly ,  t h e  problem B s  g r e a t l y  s k n p l F f i e d  by t h e  
" s a f e t y  f k r s t "  approach prevaklkng kn medkckne. A l l  a r c s  beyond 
a ce r t akn  minimal t r a n s p o r t  c a p a c i t y  a r a  conskdered a s  p o t e n t i a l  
h e a l t h  hazards  and can  t h e r e f o r e  be  assumed t o  have t h e  same 
(unlkmkted) capackt-y. 
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Measures a g a b s t  NJ, t hen ,  can b e  de f ined  as t echn iques  t o  
c u t  c e r t a k n  a r c s  i n  t h e  in fec tkon  network. One can  d is tknguksh  
between measures  t h a t  p reven t  t h e  exj is tence of  c e r t a k n  a r c s  
(e.g. ,  kso la tkon  t n  s e p a r a t e  rooms), measures t h a t  c u t  e x i s t i n g  
a r c s  by kntroduckng hygkenkc r u l e s  t o  be  obeyed durkng c o n t a c t ,  
and meta-measures t h a t  kncrease  t h e  probabklk ty  t h a t  t h e  r u l e s  
a r e  a c t u a l l y  fol lowed (hyg2enkc management). 
A s  - i n  t h e  s imp lk f i ed  model - a l l  a r c s  a r e  conskdered 
e q u a l l y  dangerous, it makes no sense  t o  ana lyze  measures t h a t  
cut  o n l y  one o f  m u l t i p l e  a r c s  between two nodes. A l l  
e v a l u a t ~ o n s ,  espec j ia l ly  e f f ec thveness  eva lua tkons ,  must b e  based 
on  packages of  measures c u t t k n g  a t  least a l l  d h r e c t  connectkons 
bet.ween two nodes of t h e  network. 
3 . 2  Cos t  lQn2mkzation Algor2thm 
I n  t h e  framework o u t l i n e d  above, t h e  purpose of  a 
c o s t - e f f e c t i v e n e s s  s tudy  of measures a g a k n s t  171 can  be  d e s c r i b e d  
as f indkng t h e  c o s t - a n i m a l  c s  in the i n f e c t i o n  network. 
-- 
A c u t  kn a  network i s  defkned a s  a  mhnkmal set of  a r c s  i n  a  
-
network t h a t  must be  removed such t h a t  no p a t h  from any s o u r c e  
t o  any s i n k  e x k s t s  any longer .  The c a p a c i t y  o f  a c u t  ks de f ined  
as Che sum of t h e  capachtLes o f  k t s  e lements .  
W e  now g ive  a procedure  t h a t  de te rmines  a cost-mknimal c u t  
An t h e  infec tkon  network takkng i n t o  accoun t  t h e  o b s e r v a t i o n s  
made i n  t h e  previ!ous subsec t ion .  
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~ l g o r k t h m  - 3 : Cost  : f i n h a 1  Network I n t e r d 2 c t i o n  
S t e p  1: Cons t ruc t  a skmple f low network from t h e  g e n e r a l  
P n f e c t i o n  network i n  t h e  followkng way: 
1. The s-ple flow network has  t h e  same nodes a s  t h e  g e n e r a l  
network,  k .e , ,  i t s  sources ,  s i n k s ,  and transshkpment nodes. 
In addgt ion ,  t h e  s imple  f low network contakns a super-source 
and a super-sknk. 
2. Fo r  each  pa2r of  nodes 2 and -J for whkch one o r  more a r c s  
(i,]) e x k s t  t n  t h e  i n f e c t k o n  network, determLne t h e  op t ima l  
package of  measures t o  c u t  a l l  such a r c s .  ThLs p a r t k a l  
optkmi!zatLon u s u a l l y  r e q u i r e s  a small c o s t - b e n e f t t  a n a l y s i s  
o f  i t s  own (see s e c t i o n  4, below) . 
3.  I n s e r t  Anto t h e  sLmple f low network a n  a r c  ( i , j )  w i t h  a 
capac2t.y equal  t o  t h e  c o s t  o f  t h e  op t ima l  package found kn 
t h e  prevkous s t e p .  I f  t h e r e  ks  no s u f f i c k e n t l y  e f f e c t i v e  
package,  set t h e  capackty  ( c o s t )  t o  i n f i n i t y .  
4. Connect t h e  super-source wkth a l l  sou rce  nodes by knfknkte  
capack ty  a r c s .  These a r c s  descrkbe  t h e  bac t e rka  p o t e n t i a l  
o f  t h e  sources .  
5. Connect t h e  super-s ink wi th  a l l  sink nodes by i n f i n i t e  
capachty  a r c s .  These a r c s  descrkbe  t h e  r s s k  of  a c t u a l  
i n f e c t i o n  r e s u l t k n g  from bac te rka  a t  t h e  e n t r y  poknt  mapped 
by t h e  s%nk. 
Step 2: The maxLmum flow through a network 2 s  determimed by t h e  
c a p a c i t y  o f  t h e  minkma1 c u t  121. A s  t h e  capacktkes  kn t h e  
network cons t ruc t ed  i n  s t e p  1 a r e  r e a l l y  t h e  c o s t s  of c u t t k n g  
each  a r c ,  t h e  applkcat.~'O"_ of  ;3_ maxkmal Plow/ mknLma1 ~ 2 %  
-
algor2thm (see, e .g. ,  E201 1 g i v e s  t h e  mkni-mal t o t a l  c o s t  of a 
cut. o f  t h e  i n f e c t i o n  network as  t h e  maxbnal flow, and t h e  
measures t o  be implemented a s  t h e  op t ima l  measures f o r  each  arc 
kn t h e  minimal cut.. 
Note, t h a t  t h e  procedure  i s  2ndependent of t h e  e x a c t  
d e s c r i p t i o n  of  t h e  a r c s  i n  t h e  i n f e c t k o n  network and t h u s  f a i r l y  
gene ra l .  For example, it can  a l s o  b e  a p p l i e d  i f  t h e  k n f e c t i o n  
network i s  descrkbed a s  a genera lkzed  network ~ i t h  arc 
multkplFers  t i l l ,  o r  i f  min i~nal  u t i l i z a t P o n  of  some a r c s  ks 
r equ i r ed  El91 , e - g . ,  f o r  necessary  c o n t a c t s .  
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3 . 3  Algorkthms Using Effec tkveness  Neaaurements 
The re  a r e  s i t u a t k o n s  2n w h k h  a t o t a l  c u t  canno t  b e  
achieved  f o r  medkcal o r  economical reasons .  I n  such c a s e s ,  i t  
becomes neces sa ry  t o  Pnclude some measure of e f f e c t i v e n e s s  kn 
t h e  g l o b a l  op thniza t2on  procedure  { s t e p  2 above1 making t h e  
decPsion cons ide rab ly  more dLf f l c u l t  [ 1 11 . In  t h i s  s*ub-section, 
we t a k e  a  c l o s e r  look  a t  t h e  a p p l i c a b 2 l i t y  o f  some network 
in t e rdkc tLon  approaches f o r  wh&ch algorkthms have appeared kn 
t h e  l i t e r a t u r e .  
Network knterdkct2on algorkthms have been typkca l  l y  
deskgned f o r  app lZca t ions  kn m2lktary l o g 2 s t k c s  o r  
communkcations networks, s o  some a d a p t a t i o n  t o  k n f e c t i o n  c o n t r o l  
i s  necessary .  A l l  a l go r i thms ,  however, can  be d e s c r i b e d  Ln t h e  
c o n t e x t  of t h e  gene ra l  i n f e c t i o n  network model o u t l i n e d  A n  
sub-sec t ion  3.1. 
Three k b d s  of problems can  r ende r  t h e  s imp le  c o s t  
minjlmization procedure ( algorkthm 1 ) knfeaa ib l e :  
1. i n s u f f i c k e n t  medical  e f f e c t k v e n e s s  o f  measure packages 
r e s u l t i n g  2n an i n f i n i t e  maximal flow kn s t e p  2; 
2. i n su f  f i cLen t  funds  t o ,  kmpf ement t h e  f u l l  c o s t  ~ninkmal cu t ;  
3 .  jlnsuf f k c i e n t  management capackty  t o  kmplmnent mote than  a 
l j n 2 t e d  number of measures. 
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Cons ider  f k r s t  t h e  case where t h e  c o n s t r u c t i o n  procedure  i n  
s t e p  1 of  algorkthm 1 y i e l d s  one o r  more p a t h s  from (super - )  
s o u r c e  to !super-) s i n k  wkth unlkmited c a p a c i t y :  t h e r e  k s  no 
s a f e  p rocedure  t o  c u t  any of  t h e  a r c s  on t h e s e  p a t h s  completely.  
I n  r e a l i t y ,  a sequence of  measures w k l l  be  applked t o  successkve  
a r c s  o n  t h e s e  p a t h s  t o  reduce  t h e  probab&lkty  o f  i n fec tkon .  
I n  o r d e r  t o  map t h i s  s i t u a t L o n ,  t h e  a r c s  o f  t h e  flow 
network c o n s t r u c t e d  i n  s t e p  1 can  b e  l a b e l l e d  by t h e  probabk1it.y 
of t r a n s p o r t a t i o n  o f  i n f e c t 2 n g  organisms and by t h e  c o s t  t o  
r educe  t h i s  p r o b a b i l i t y .  I f  one assumes independence of  t h e  
p r o b a b i l i t k e s ,  t h e  o v e r a l l  probabil5t.y a l o n g  some p a t h  i s  equa l  
t o  t h e  p roduc t  o f  t h e  t r a n s p o r t a t k o n  p robabk l i t kes .  
By def inkng t h e  a r c  c a p a c i t k e s  as t h e  logarkt-hms of  t h e  
trans,portatkon probabkl2t*es,  one a r r i v e s  a t  a model t h a t  
d e f i n e s  hygienhc measures as t echn iques  t o  l e n g t h e n  c e r t a k n  a r c s  
-- --- --
i n  t h e  network ( r a t h e r  t han  c u t t i n g  them e n t k r e l y ) .  One 
ob jec t&ve  of a  cos t - e f f ec tkveness  a n a l y s i s  could  b e  t o  de t e rmine  
t h e  mknimal c o s t  canbknatkon of  measares f o r  whkch the s h o r t e s t  
p a t h  i n  t h e  network has  a t  least a speck f i ed  l e n g t h .  Under 
r e s t r k c t h v e  c o s t  assumptkons, Golden 151 has  shown t h k s  problem 
t o  be equ iva l en t  t o  a problem of c o s t - a n i m a l  network f low.  B 
more genera l  approach A s  under development f o r  o u r  s t u d y .  
The second t y p e  o f  problem occur s  when t h e  minimal c o s t  o f  
t h e  a lgor i thm above i s  h i g h e r  than  t h e  a v a i l a b l e  funds ,  t h a t  k s ,  
n o t  a l l  t h e  a r c s  t h a t  should  be c u t ,  can  kn f a c t  b e  c u t  because 
of fxnanc2al r e s t r i c t i o n s .  
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In  t h % s  case ,  each  a r c  of  t h e  flow network must be  a s s igned  
s o m e  c a p a c i t y  deno t ing  k t s  dangerousness when open, i n  a d d i t i o n  
t o  t h e  c u t t i n g  c o s t s  as kn algorkthm 1. A branch-and-bound 
p rocedure  dev%sed by Ghare e t  a l .  [31 can  b e  used t o  f i n d  t h e  
op t ima l  i n t e r d i c t k o n  polkcy Lo2 a_ gkven spendrnq l e v e l .  
Another approach w a s  kntroduced by Wollmer 1211 and R a t l 2 f f  
e t  d l .  1171. It  l i m i t s  t h e  number of  a r c s  t o  be  c u t  r a t h e r  
t han  t h e  spendkng l e v e l .  Thks can  b e  i n t e r p r e t e d  as an  
k n a b i l k t y  of  management t o  i n t r o d u c e  o r  s u p e r v i s e  more than  a 
g iven  number of measures skmultaneously. The a lgo r i thms  fknd 
t h e  most v i t a l  lknks  i n  a flow network uskng a sequence of 
s h o r t e s t  p a t h  problems I171 o r  network modkfkcation procedures  
[2?1 
T h i s  approach makes no use  of  c u t t k n g  c o s t  d a t a  from s t e p  ? 
of algor2tixn 1 and t h u s  cor responds  t o  t h e  t r ad i t -kona l  p u r e l y  
medical  problem s o l  vkng approach whlch i g n o r e s  c o s t  
cons ide ra t ions .  I t  does,  however, requkre  Anformat-ion abou t  a r c  
c a p a c i t i e s  kn t h e  i n f e c t i o n  network and about  t h e  feas ib2lk t .y  of  
c u t t i n g  c e r t a % n  a r c s  ( 2. e., medical  e f  Eicacy oE measures) . 
As  mentioned earlier, a l l  t h r e e  approaches d i s c u s s e d  kn 
t h k s  sec tkon  r e q u i r e  i n fo rma t ion  about  a r c  c a p a c k t i e s  kn t h e  
i n f e c t i o n  network f o r  t h e  g l o b a l  o p t i m i z a t i o n  s t e p  r a t h e r  t han  
o n l y  f o r  l o c a l  pre-optLmkzation. 
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One problem arks2ng from t h i s  f a c t  i s  t h e  e t h k c a l  
d % f f i c u l t y  o f  t r adkng  o f f  d i f f e r e n t  i n f e c t k o n  hazards  f o r  
p o s s i b l y  d i f f e r e n t  p a t i e n t s .  Another e t h % c a l  problem hs  whether 
i t  i s  a c c e p t a b l e  t o  open i n f e c t i o n  p a t h s  i n  experiments  f o r  
measur ing  arc c a p a c i t i e s .  
I n  addktkon, t h e r e  A s  a more t e c h n i c a l  measurement problem. 
One h a s  t o  fhnd unkform and measurable  e f f e c t k v e n e s s  c r k t e r k a  
f o r  comparkng competing procedures  a p p l y h g  t o  d i f f e r e n t  a r e a s  
of t h e  i n f e c t % o n  network ( t h i s ,  agakn, ks i n  c o n t r a s t  t o  t h e  
l o c a l  a n a l y s 2 s  kn s t e p  1.2 of  a lgo r i thm 1 ) .  
F i n a l l y ,  t h e  opt2mtzatkon algorkthms t end  t o  become less 
e f f i c 2 e n t  t han  t h e  s imple  procedure  i n  algorkthm 1, and a  g l o b a l  
cos t - e f f ec tkveness  t rade-of f  between medical. and economical 
c r i t e r i a  becomes neces sa ry  takkng t h e  problem i n t o  t h e  p o l i t i c a l  
sphe re  [ I l l  
These problems may endanger t h e  direct a p p l k c a b i l i t y  o f  any  
of t h e s e  alqorkthms.  Algorrthm 1 i s  much shrnpler b u t  may ykeld  
f i n a n c i a l l y  o r  medtca l ly  i n f e a s k b l e  so lu tbons .  T h i s  can  o n l y  be 
runedked by r ede f in&tkon  of  the network o r  by changing the  
defknkt ion  of an " e f f e c t i v e "  c u t .  For example, judgement of 
medical  e x p e r t s  can  be used f o r  changing hyg2enPc s t a n d a r d s  kn 
o r d e r  t o  obta5.n f e a s 2 b l e  s o l u t i o n s .  
In t h e  nex t  sec t&on,  w e  d i s c u s s  some pract l !cal  i m p l i c a t i o n s  
of  t h e  network k n t e r d i c t i o n  approach which a p p l y  r e g a r d l e s s  of  
t h e  a lgor i thm a c t u a l l y  used f o r  g loba l  op t imiza tbon .  
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4.0 IMPLICATIONS FOR COST-EFFECTIVENESS EVUUATION 
4.7 Class2 fkca tkon  And EffectLveness  C r i t e r k a  
The number of  a r c s  i n  t h e  knfectkon network ( f i g u r e  41 
i n d z c a t e s  t h a t  car rykng o u t  t h e  l o c a l  cos t - e f f ec t3veness  
a n a l y s e s  i n  step 1.2 of  algorkthm 1 can  be q u i t e  a formidable  
t a s k .  The goal  o f  t h k s  subsec t ion  L s  t o  reduce  t h i s  problem by 
c o n s t r u c t h n g  l a r g e r  packages of  measures and ass&gn$ng s u i t a b l e  
ef f e c t h v e n e s s  i n d f c a t o r s  ( fhgure  2 1 t o  them. 
The a r c s  of  t h e  i n f e c t 2 o n  network t e n d  t o  bundle nea r  t h e  
sou rce  and s i n k  nodes whjile t h e r e  is a fuzzy s t r u c t u r e  of  
poss2b le  p a t h s  kn t h e  c e n t r a l  p a r t  cove r ing  t h e  animate and - 
even more - Pnankmate envkronment. Seve ra l  conc lus ions  can  be  
d e r i v e d  from t h i s  observathon.  
As a r c s  nea r  t h e  s%nk nodes are b o t t l e n e c k s  n t h e  
-- 
i n f e c t i o n  network, t h e y  are l j ike ly  t o  be  hn t h e  op t ima l  c u t .  
One m&ght t h i n k  t h a t  t h e  b e s t  way i s  t o  cut. t h e  l knks  
d i r e c t l y  t h e  superlsource, t h a t  i s ,  t o  k h l l  o r  P n a c t i v a t e  t h e  
- 
organisms a f t e r  t h e i r  e n t r y  i n t o  t h e  pa tken t '  s body. 
Unfor tuna te ly ,  t h e  routkne  prophylac tkc  use  o f  a n t i b i o t k c s  f o r  
t h i s  purpose - though still widespread has  been shown t o  be: 
( 1 )  r a t h e r  c o s t l y ;  ( 2 )  connected wkth some dangerous 
skde-•effects f o r  t h e  p a t i e n t ;  and ( 3 )  a g o a l  way t o  c u l t i v a t e  
an t ib2o tac - r a sks t an t  " h o s p i t a l  germs". Thus, p r o p h y l a c t i c  use 
of a n t i b k o t k c s  can  on ly  b e  cons ide red  a back-up m e a s w e  kn 
c a r e f u l l y  s e l e c t e d  s p e c i a l  cases. 
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A more prom2shng approach i!s t o  c u t  t h e  a r c s  Ammediately 
b e f o r e  e n t r y  p o i n t s .  It i s  d e s f r a b l e  t o  group t h e s e  
measares  i n t o  l a r g e r  packages because it simplif3!es t h e  
e v a l u a t i o n  o f  a n  o v e r a l l  impact ,  and because k t  r educes  t h e  
nunber of a n a l y s e s  necessary  i n  s t e p  1.2. These advantages  
o f f s e t  t h e  p s s k b l e  drawback o f  a more complicated subsystem t o  
b e  ana lyzed .  In  accordance whth t h e  ~ n o s t  kmportant e n t r y  
p o i n t s ,  f o u r  groups of  measures can  be  d is t ingu2shed:  
* measures a g a i n s t  u r i n a r y  t r a c t  hn fec t ions ;  
* measures aga2ns t  wound i n f e c t i o n s ;  
* measures agakns t  r e s p k r a t o r y  t r a c t  knfectkons;  
* measures a g a i n s t  bacterernia . 
For p r a c t k c a l  ana lyses ,  it may be u s e f u l  t o  subdilvfde t h e s e  
groups kn manageable c l u s t e r s  o f  a s s o c f a t e d  procedures .  For  
example, measures a g a r n s t  s u r g i c a l  wound i n f e c t k o n s  can  b e  
pa r tk t2oned  knto measures kn t h e  opera t2on  t h e a t r e  and 
post-operatkve measures kn t h e  ward. However, t h e  impor tance  of 
t h e  grouping above l i e s  i n  t h e  commonality o f  e f f e c t k v e n e s s  
c r i t e r k a  wkth3n each group. Unless  t h e  usage p r o b a b f l i t y  o f  t h e  
c u t  arcs i s  v e r y  low, changes kn t h e s e  measure packages can  be 
d k r e c t l y  r e l a t e d  t o  changes hn i n f e c t i o n  f requenckes  f o r  c o s t s )  
of t h a t  type. For example, changes Ln t h e  du ra tkon  of 
ca the t e rhza thon  have an jrmmedrate kinpact on  t h e  number of 
u r i n a r y  t r a c t  i n f e c t i o n s  i71. Thus, an  e f f e c t k v e n e s s  comparison 
o f  measures w i t h i n  each group should  be r e l a t f v e l y  s i inple .  
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The sh tua thon  near  sou rces  Fs simrlar hn t h e  s e n s e  t h a t  
i v o l a t k n g  knfecthon s o u r c e s  l o c a l l y  2 s  l i k e l y  t o  b e  
cos t - e f f ec t2ve .  One especLal ly  Lmportant group o f  such  measures 
c e n t e r s  around t h e  
* i s o l a t i o n  o f  t h e  i n f e c t e d  pa then t .  
Thhs package a p p l f e s  t o  p a t h e n t s  wi th  commun2ty-aqu2red 
i n f e c t i o n s  a s  w e l l  as t o  p a t 5 e n t s  wLth N I .  However, t h e  l a t t e r  
o f t e n  c o n s t 3 t u t e  a hhgher r r s k  because of  t h e  r e s 2 s t a n t  g e m s  
t h e y  c a r r y .  
The dj i f ference t o  sknkdor ien ted  measawes l l e s  i n  t h e  
a p p l k c a b l l h t y  of  e f f e c t i v e n e s s  2nd ica to r s .  The e f f e c t i v e n e s s  of  
h s o l a t i o n  measures can  be  determined only  by t h e  number of  
pa t2en t - spec i fkc  organisms out-shde t h e  kso la t ed  a r e a .  The 
r e l a thonshkp  t o  l n fec tLons  o f  o t h e r  p a t i e n t s  i s  ve ry  kndhrec t .  
Even kf new i n f e c t i o n  c a s e s  can  be  t r a c e d  back t o  a sou rce  t h e  
k n f e c t i o n  p a t h  Fs by no means c l e a r .  An e f f e c t 2 v e n e s s  
compar2son between measures f o r  e n t r y  p o i n t  i s o l a t i o n  and for 
sou rce  Bsola t ion  can t h e r e f o r e  b e  ve ry  d 6 f f l c u l t  a l t hough  b o t h  
measure groups i n v o l v e  skmi l a r  a c t % v 2 t i e s .  
Measuring t h e  e f f  ec thveness  o f  hyghenkc procedures  kn t h e  
c e n t r a l  gart o f  t h e  network i s  even n o t e  dBf f%cu l t .  Because of  
-- 
t h e  n u l t k p l e  p o s s i b l e  Lnfect%on p a t h s ,  many a rgue  that-. t h e  
wkdespread routkne  sampling o f  personnel  and inanimate 
envkronment f o r  o o n t r o l l ~ n g  t h e  t r a n s p o r t  o f  r n f e c t i n y  organhsrns 
h a s  a t  best educatkonal  va lue  f 61 . 
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Thus, p r o c e s s  c o n t r o l  seems t h e  o n l y  va lkd  knd ica to r  o f  
package e f f e c t k v e n e s s  En t h e  a r e a  of  
* g e n e r a l  hygienhc measures. 
These measures  (e .g . ,  s u r f a c e  clean%ng and dksknfectkon 
ou t skde  hhgh-rbsk a r e a s  [8,101 ) cannot  b e  expec ted  t o  c u t  any 
a r c s  e n t k r e l y  b u t  t h e y  may b e  a  va luab le  backup Pn t h e  sense  of  
reduckng some arc capacktkes  kn t h e  k n f e c t h n  network ( recal l  
s e c t f o n  3 . 3 .  f o r  t h e  use o f  such  meas-ures An network 
knterdkct2on algorkthms) . 
The f h n a l  group o f  measures t o  be d i scussed  h e r e ,  
* hygtenkc management, 
cannot  b e  asshgned t o  any s p e c 2 f i c  a r c s  b u t  o n l y  t o  t h e  network 
as a whole. Never the less ,  e f f o r t s  have been made t o  e s t a b l k s h  
t h e  e f f e c t i v e n e s s  o f  such  measures, e s p e c k a l l y  o f  Xnfec t ion  
c o n t r o l  programs, Bn te rms  o f  changes i!n knfez tkon  r a t e s  161. 
~s may b e  expec ted  from our  p rev ious  d i s c u s s i o n ,  ve ry  l a r g e  
sample s i z e s  ( s e v e r a l  hundred thousand p a t k e n t s )  were r e q u i r e d  
t o  o b t a i n  s i g n 2 f i x a n t  r e s u l t s .  If such an e x t m s k v e  s t u d y  i s  
n o t  posskble ,  one  has  t o  r e s o r t  t o  organdza tkonal  t h e o r y  and 
sometimes p roces s  c o n t r o l s  t o  e s t a b l k h  some e f f e c t i v e n e s s  
evaluati!on of  a l t e r n a t k v e  management s t r u c t u r e s .  
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The c a s k s  of  hyggenkc management knclude teachhng,  
i n fec t i i on  s u r v e i l l a n c e ,  t r achng  2nf e c t i o n  p a t h s ,  and antroduckng 
o r  en fo rckny  measures. Correspondfngly, e f f e c t h v e n e s s  can  be  
measured by knowledge t e s t s  of  personnel ,  va lue  and t e c h n i c a l  
quali!ty o f  t h e  2nfonnat ion provkded, and p roces s  c o n t r o l s  of t h e  
recommended measures . 
W e  have identhf2ed  seven c l a s s e s  of  measures a g a i n s t  W I  by 
t h e k r  p o s 2 t i o n  tn t h e  hnfectkon netirork. Our c l a s s2 f2ca tkon  ks 
dined a t  assi!gni.ny measurable  medhcal-hygiienhc e f fec t i !veness  
i n d k c a t o r s  t o  measure ,packages t o  be eva lua t ed .  A s2mi l a r  
c l a s s k f i c a t k o n  3s used kn [161. Other  approaches a r e  more 
concerned w2th t h e  c o r r e c t  executkon o f  t h e  neces sa ry  a c t i 2 v i t i . e ~  
[1,15] o r  t h e  dks t r&ut%on o f  responshb%lhtkes  11.51 r e s u l t g n g  iin 
dmfferent  c lass i . fkc t&on schemes. 
4.2 Infec tLon Cos t  Analyshs 
W e  have seen  t h a t  a d k r e c t  hnf luence  o f  changes i n  hyghenic 
procedures  o n  i n f e c t k o n  r a t e s  can be deterrntned o n l y  f o r  
s2nk*rs la ted  t y p e s  of  measures o r  %f v e r y  l a r g e  sample s i z e s  
overcome t h e  randomness of M f e c t k o n  p a t h s .  But  even i f  t h i s  
advantageous s k t u a t i o n  2s yhven, k t  is st i l l  d i f f i c u l t  t o  
compare measures aga2nst. d k f f e r e n t  t y p e s  o f  i n f e c t k o n s  because 
t h e  consequences o f  ~ n f e c t i o n s  may vary  from t.ype to  type .  For  
example, wound knfectkons t end  t o  be more s e v e r e  t han  u r f n a r y  
t ract  i n f e c t i o n s .  
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I n  t h % s  sub-sect&on, w e  g i v e  a br2ef  overview o f  an  
approach  t h a t  can  b e  used f o r  analyzkng t h e  consequences of  
k n f e c t l o n s  s t r e s s 2 n g  fkncanc ia l  consequences.  A more thorough 
t r e a t m e n t  of t h k s  s u b j e c t  k s  ghven hn a forthcomkng paper .  
A cost ana lys2s  o f  N I  i s  n o t  meankngful kf &t i s  o n l y  based 
on  t h e  p r o l o n g a t ~ o n  o f  s t a y  Tn h o s p i t a l  caused by N I .  F k r s t ,  L t  
i s  h a r d  t o  achkeve agreement among physkc2ans about  t h e  e x a c t  
skze  o f  t h e  ex tens ion .  Second, l e n g t h  o f  s t a y  k s  o n l y  one of  
s e v e r a l  f a c t o r s  Mfluenckng h o s p i t a l  c o s t s .  For  example, t h e  
f a c t  t h a t  hospg ta l  cha rges  kn West Germany a r e  based on l e n g t h  
of  s t a y  o n l y  l e a d s  t o  t h e  paradoxzcal  s i t u a t k o n  t h a t  mknor N I  
a r e  m ~ c r o e c o n o m ~ c a l l y  a t t r a c t k v e  f o r  a hospk ta l  * c e r t a k n l y  n o t  
a n  incen tkve  f o r  promoting measures agakns t  N I !  
I n  o r d e r  t o  e v a l u a t e  t h e  o v e r a l l  c o s t  impact  of  N I ,  a 
c a r e f u l  s t u d y  o f  p o s s i b l e  t r e a t m e n t s  by 2 n f e c t i o n  :_lare_ is  
--- 
necessary .  The network model of  i n f e c t r o n s  h e l p s  one t o  
de termine  which ac tkvh tkes  a r e  a c t u a l l y  r e l a t e d  t o  H I .  One 
example ks  t h e  inc luskon of t h o s e  i s o l a t k o n  c o s t s  t h a t  3 r e  
a t t r h b u t a b l e  t o  H I  b u t  t h e  exclusAon o f  gef ieral  i s o l a t i o n  c o s t s  
such a s  5nvest i ient  cos ts {because  p a t h e n t s  wi th  
community-aquf r ed  unfec tkons  must be  k s o l a t e d  anyway) . 
Simi!larLy, prophylac tPc  usage of  an t2b%ot%cs  5s  excluded from N I  
c o s t s  (because  it 2 s  cons2dered a preventkve  measure) bu t  
t he rapeu tkc  usage ks %ncluded. 
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From t h e  t r e a t a e n t  s tudy ,  a - c o s t  model -- cont.azni!ng a l l  
r e f  e v a n t  actkvkt lres  can  be  developed. W e  found t h a t  f o u r  major 
f a c t o r s  influence t h e  c o s t s  of  t r e a t i n g  a  p a t i e n t ,  p, w l t h  a 
hospi!tal in fec t j?on  of  t ype ,  k:  
1. extens&on of  s t a y ,  TS fp ]  ; 
2. days  o f  i s o l a t - i o n ,  T I  [p] ; 
3. an t2bho tkcs  quantPty  o f  t y p e  a, ~ ~ I p , a l ;  
4. f r equency  o f  knfecthon-spec%f&c t r ea tmen t  of  t y p e  t, 
TTip,irtl* 
T h i s  d a t a  can be c o l l e c t e d  by a n  knfectkon c o n t r o l  nu r se  An 
a s imp le  ex t ens ion  o f  a  normal i n f e c t h o n  s u r v e & l l a n c e  program 
(see, e.g. ,  1141). 
In add&t&on, c o s t  p e r  un2t  d a t a  a r e  r e q u i r e d  f o r  each  of 
t h e  2tems above; l e t  t h e  correspondkng symboLs b e  *(St K I ,  
KA [a] , and KT i k , t j  . These v a l u e s  a r e  v e c t o r s  desc r ibkng  t h e  
c o s t s  i n  t h e  multk-dinensional  w a y  ou t lkned  kn fkgure 2 ,  t h a t  
is, d t f f e r e n t h a t e d  by personnel. thme, equipment usage t i m e ,  and 
dLrec t  c o s t s  f o r  materhel  o r  e x t e r n a l  se rvkces .  
Both c o s t  p e r  unkt  and frequency d a t a  a r e  c o l l e c t e d  2n an  
i n f e c t h o n  c o s t  c o n t r o l  da t abase  t h a t  2 s  a n  extenskon o f  an  
-- -- --- 
knfec t ion  s u r v e i l l a n c e  da t abase  f f k g u r e  5). 
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A l l  c o s t  agg rega te s  o f  2 n t e r e s t  f o r  decks ion  s u p p o r t  can be 
computed wkth r e l a t k v e  ease from t h e  da tabase .  For exanple ,  t h e  
c o s t s  p e r  case can  b e  determkned by t h e  follow2ng formula: 
Other  u s e f u l  aggregatkons i n c l u d e  
* average  c o s t  by i n f e c t k o n  type;  
* average  c o s t  by p a t h e n t  group; 
* r e l a t & v e  h n p r t a n c e  of  c o s t  t y p e s  and t r e a t i e n t  t ypes ;  
* t o t a l  c o s t s  r e l a t e d  to  Lnfec t ions  t o  b e  prevented  by 
a  package of  measures. 
The l a t t e r  applhcatkon is t h e  one r e l e v a n t  f o r  t h e  
c o s t - e f f e c t i v e n e s s  e v a l u a t i o n  of meas-ares agakns t  NI . The 
mult i -dimensional  r ep re sen ta tkon  of  c o s t  t ypes  a l l ows  f o r  a  
t rade-of f  wkthkn c o s t  t y p e s  be fo re  aggregatkon t h u s  r e v e a l i n g  
t h e  o v e r a l l  M p a c t  of  a measure by c o s t  type.  Thks 2s impor t an t  
i f  t h e  asskgnment o f  indicators t o  c o s t  o r  e f f e c t k v e n e s s  
c r k t e r i a  A s  unc l ea r  (compare s e c t i o n  2 . 0 1 ,  o r  kf c o s t s  a r e  
shared  by d i f f e r e n t  organ2za t ions .  
The use o f  a da t abase  system f o r  t h i s  k ind  of  a n a l y s i s  
g r e a t l y  s i m p l i f i e s  t h e  e v a l u a t i o n  of  z n f e c t i o n  c o s t s  and t h u s  of 
measures agakns t  NI. An i n f e c t i o n  c o s t  da tabase  based on f f g u r e  
5 h a s  been set up uskng t h e  Pascal/R da t abase  management system 
a t  t.he UnLversity o f  Hamburg and i s  being  used t o  e v a l u a t e  
observat2ons of s e v e r a l  hundred i n f e c t i o n  cases .  
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5 . 0  SUMMARY AND CONCLUSIONS 
The methodology of a cos tde f f ec t3veness  s tudy  o f  measures 
agakns t  hosp i t a l - aqu i r ed  in fec t3ons  was desc r ibed .  The 
eva lua tkon  is based on a gene ra l  f low network model of 
Lnfectkons derkved from a n  b n f o m a l  notkon well-known i n  
medic2ne. T h i s  approach w a s  shown to  o f f  e t  s e v e r a l  advantages.  
The network i n t e r d k c t i o n  procedures  p re sen ted  kn t h i s  paper  
p rov ide  s t r u c t u r e  t o  t h e  optkmkzation problem under a va rke ty  of  
med3ca1, economical,  and behavioura l  c o n s t r a i n t s .  They a l s o  
a l low f o r  decompskt%on of t h e  knvolved o v e r a l l  problem knto  a 
sequence of  more manageable subtasks .  
The network in te rdkct . ton  approach a l s o  f a c i 1 i t a t . e ~  t h e  
cho ice  o f  s u i t a b l e  e f f ec tkveness  c r i t e r i a  f o r  t h e  e v a l u a t i o n  o f  
hygienkc procedures  by s u p p o r t i n g  a c l a s s i f t ca t . kon  scheme. In  a 
s j m i l a r  way, t h e  scope o f  i n f e c t k o n  c o s t  a n a l y s k s  i s  c l a r i f i e d  
by t h e  model. 
FPnal 1 y , t h e  model a l  l e v 2 a t e s  t h e  problem of  
i n t e r d k s c i p l i n a r y  coinmunication because i t s  unde r ly ing  concepts  
a r e  f a m i l i a r  to hygkenkc practitioners. 
In  conclus ion ,  t h e  hn t roduc t ion  of  a n  OR model a s  a 
paradigm of a health-economic s tudy  h a s  proved a u s e f u l  way t o  
overcome some of  t h e  lkmi t a tkons  imposed by t i tne and f i n a n c k a l  
c o n s t r a i n t s .  
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